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Âñòàíîâëåí³ óìîâè ³çîâàëåíòíîãî çàì³ùåííÿ àòîì³â ëàíòàíó íà àòîìè äèñïðîç³þ â
À-ïîçèö³¿ äâîøàðîâî¿ ïåðîâñüê³òîïîä³áíî¿ ñòðóêòóðè SrLa2Sc2O7 ïî òèïó
SrLa2–xDyxSc2O7: 0x1,6. Çðàçêè ç õ1,7 íåîäíîôàçí³ ³ ì³ñòÿòü íèçêó äîäàòêîâèõ
ôàç, îñíîâíîþ ç ÿêèõ º ôàçà ç êóá³÷íîþ ñòðóêòóðîþ (à1,06 íì). Ìåòîäîì Ð³òâåëü-
äà âèçíà÷åíà ðîìá³÷íà (ïðîñòîðîâà ãðóïà Fmmm) êðèñòàë³÷íà ñòðóêòóðà ôàç ñêëà-
äó SrLa2–xDyxSc2O7 ç³ ñòóïåíÿìè çàì³ùåííÿ àòîì³â ëàíòàíó, ð³âíèìè 0,5, 1,0 ³ 1,5.
Îñíîâîþ êðèñòàë³÷íî¿ ñòðóêòóðè SrLa2–xDyxSc2O7 º äâîâèì³ðí³ (íåñê³í÷åí³ â ïëî-
ùèí³ XY) ïåðîâñüê³òîïîä³áí³ áëîêè, ÿê³ ñêëàäàþòüñÿ ç äâîõ øàð³â, ñïîëó÷åíèõ âåð-
øèíàìè äåôîðìîâàíèõ îêòàåäð³â ScO6. Ñóñ³äí³ áëîêè ðîçä³ëåí³ øàðîì ïîë³åäð³â
À2Î9 (À2=Sr+Ln (x=0, 0,5 ³ 1,0) àáî Ln (õ=1,5) òàêèì ñïîñîáîì, ùî áåçïîñåðåäí³
çâ’ÿçêè Sc–O–Sc ì³æ îêòàåäðàìè ñóñ³äí³õ áëîê³â â³äñóòí³. Áëîêè çâ’ÿçàí³ ì³æ ñîáîþ
çà äîïîìîãîþ çâ’ÿçê³â Î–À2–Î. Â³ñ³ì àòîì³â îêñèãåíó ïîë³åäðó À2Î9 íàëåæàòü äî
òîãî æ áëîêó, ùî ³ àòîìè À2, à äåâ’ÿòèé àòîì îêñèãåíó íàëåæèòü ñóñ³äíüîìó áëîêó.
Àòîìè À1 (À1=Sr+La (x=0, 0,5 ³ 1,0) àáî ëèøå Sr (õ=1,5)) çíàõîäÿòüñÿ â ïîçèö³¿ 4b
ó âíóòð³øíüîáëîêîâèõ ïóñòîòàõ øàðóâàòî¿ ïåðîâñüê³òîïîä³áíî¿ ñòðóêòóðè
SrLa2–xDyxSc2O7, à ¿õ êîîðäèíàö³éíèé ïîë³åäð ÿâëÿº ñîáîþ äåôîðìîâàíèé êóáîîê-
òàåäð À1Î12. Âñòàíîâëåíî, ùî ³çîâàëåíòíå çàì³ùåííÿ àòîì³â ëàíòàíó íà ìåíø³ çà
ðîçì³ðîì àòîìè äèñïðîç³þ ïðèâîäèòü äî ïîñòóïîâî¿ çì³íè õàðàêòåðó ðîçïîä³ëó àòîì³â
ñòðîíö³þ ³ ëàíòàí³ä³â â ì³æáëîêîâ³é (8i) ³ âíóòð³øíüîáëîêîâ³é (4b) ïîçèö³ÿõ ñòðóê-
òóðè SrLa2–xDyxSc2O7: â³ä ÷àñòêîâî óïîðÿäêîâàíîãî (õ=0) äî ïîâí³ñòþ óïîðÿäêîâà-
íîãî (õ=1,5). Ïðè öüîìó àòîìè äèñïðîç³þ çàì³ùóþòü àòîìè ñòðîíö³þ íà ìåæ³ áëîê³â,
à çìåíøåííÿ âì³ñòó àòîì³â ëàíòàíó ó âíóòð³øíüîáëîêîâ³é ïîçèö³¿ 4b êîìïåíñóºòü-
ñÿ âõîäæåííÿì â öþ ïîçèö³þ àòîì³â ñòðîíö³þ. Àíàë³ç îñîáëèâîñòåé áóäîâè ôàç
SrLa2–xDyxSc2O7 ïîêàçàâ, ùî çá³ëüøåííÿ ñòóïåíÿ ³çîâàëåíòíîãî çàì³ùåííÿ àòîì³â
ëàíòàíó ïðèâîäèòü äî ñóòòºâîãî (á³ëüø í³æ â äâà ðàçè) çá³ëüøåííÿ ñòóïåíÿ äåôîð-
ìàö³¿ ì³æáëîêîâèõ ïîë³åäð³â À2Î9 ³ çìåíøåííþ äîâæèíè ì³æáëîêîâî¿ â³äñòàí³
À2–Î. Òàê³ ñòðóêòóðí³ çì³íè, ÿê³ ïðèâîäÿòü äî äåñòàá³ë³çàö³¿ ì³æáëîêîâî¿ «çøèâ-
êè», º îäíèìè ç îñíîâíèõ ôàêòîð³â ðóéíóâàííÿ øàðóâàòî¿ ïåðîâñüê³òîïîä³áíî¿ ñòðóê-
òóðè ôàç SrLa2–xDyxSc2O7 ïðè õ>1,6 ³ îáóìîâëþþòü â³äñóòí³ñòü ñêàíäàòó SrDy2Sc2O7.
Îäåðæàí³ äàí³ ïðî âçàºìîçâ’ÿçêè ñêëàä–îñîáëèâîñò³ áóäîâè øàðóâàòî¿ ïåðîâñüê³-
òîïîä³áíî¿ ñòðóêòóðè ìîæóòü áóòè âèêîðèñòàí³ äëÿ ö³ëåñïðÿìîâàíîãî ðåãóëþâàííÿ
ñòðóêòóðíî çàëåæíèõ âëàñòèâîñòåé ôàç òèïó SrLa2–xDyxSc2O7.
Êëþ÷îâ³ ñëîâà: ñïîëóêè òèïó An+1BnO3n+1, øàðóâàòà ïåðîâñüê³òîïîä³áíà ñòðóêòóðà,
ðåíòãåí³âñüêà ïîðîøêîâà äèôðàêòîìåòð³ÿ, ³çîìîðô³çì, òâåðä³ ðîç÷èíè.
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Âñòóï
Ñèíòåç òà äîñë³äæåííÿ íîâèõ ñïîëóê çàãàëü-
íîãî ñêëàäó An+1BnO3n+1 (n – ÷èñëî øàð³â îêòà-
åäð³â ÂÎ6 ó ïåðîâñüê³òîïîä³áíîìó áëîö³) ç øà-
ðóâàòîþ ïåðîâñüê³òîïîä³áíîþ ñòðóêòóðîþ
(ØÏÑ) ìàþòü ÿê òåîðåòè÷íå, òàê ³ ïðàêòè÷íå
çíà÷åííÿ îñê³ëüêè ïðåäñòàâíèêàì öüîãî ñ³ìåé-
ñòâà ïðèòàìàííèé øèðîêèé ñïåêòð ö³ííèõ âëà-
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ñòèâîñòåé (çîêðåìà, òàêèõ ÿê ëþì³íåñöåíòí³,
ðåçèñòèâí³, íàäïðîâ³äí³, çíà÷íèé ìàãí³òîîï³ð,
ñåãíåòîåëåêòðè÷í³ âëàñòèâîñò³, êàòàë³òè÷íà àê-
òèâí³ñòü, òîùî) [1–7].
Îäíèì ³ç ä³ºâèõ ñïîñîá³â âïëèâó íà áóäîâó
³, â³äïîâ³äíî, íà ñòðóêòóðíî çàëåæí³ âëàñòèâîñò³
îêñèäíèõ ìàòåð³àë³â º ³çîìîðôí³ çàì³ùåííÿ
àòîì³â â ¿õ ñòðóêòóð³. Íà äàíèé ÷àñ äîñèòü äå-
òàëüíî âñòàíîâëåíî õàðàêòåð âïëèâó ³çîìîðôíèõ
çàì³ùåíü íà áóäîâó ØÏÑ ðÿäó îäíîøàðîâèõ
(n=1) ³çîâàëåíòíîçàì³ùåíèõ ôàç òèïó An+1BnO3n+1
(Sr1–xCa xLaInO4 [8], Sr0,7Ca0,3LaScO4 [9],
SrLa1–xLn IxInO4 (Ln=Nd, Sm) [10,11] òà
SrNdSc1–xInxO4 [12]). Çâàæàþ÷è íà òå, ùî ôóí-
êö³îíàëüí³ õàðàêòåðèñòèêè ñïîëóê òèïó
An+1BnO3n+1 ñóòòºâî çàëåæàòü â³ä ÷èñëà (n) øàð³â
îêòàåäð³â ÂÎ6 â ïåðîâñüê³òîïîä³áíîìó áëîö³
[2,3,7], áåçñóìí³âíèé ³íòåðåñ ñòàíîâèòü âñòàíîâ-
ëåííÿ âçàºìîçâ’ÿçê³â ñêëàä–îñîáëèâîñò³ áóäîâè
òàêîæ ³ äëÿ äâîøàðîâèõ (n=2) ïðåäñòàâíèê³â
ñïîëóê òà ôàç òèïó An+1BnO3n+1 ç ØÏÑ. Ïðîòå,
äîñ³ òàêå äîñë³äæåííÿ çä³éñíåíî ëèøå äëÿ ³íäàò³â
ñêëàäó Ba1–xSrxLa2In2O7 [13].
Ìåòà äàíî¿ ðîáîòè – ñèíòåç, âèçíà÷åííÿ
áóäîâè äâîøàðîâî¿ êðèñòàë³÷íî¿ ñòðóêòóðè ³çî-
âàëåíòíîçàì³ùåíèõ ôàç SrLa2–xDyxSc2O7 òà âñòà-
íîâëåííÿ âçàºìîçâ’ÿçê³â ñêëàä–îñîáëèâîñò³ áó-
äîâè ¿õ ØÏÑ. Âèêîðèñòàííÿ òàêîãî òèïó çàì³-
ùåííÿ äîçâîëÿº âèçíà÷èòè âïëèâ ñàìå ðîçì³ð-
íîãî ôàêòîðà íà áóäîâó ØÏÑ, îñê³ëüêè àòîìè
La ³ Dy â³äð³çíÿþòüñÿ ëèøå ðîçì³ðàìè, à çà
á³ëüø³ñòþ ðåøòè õàðàêòåðèñòèê º ïîâíèìè àíà-
ëîãàìè.
Ìåòîäèêà åêñïåðèìåíòó
Ñèíòåç ñêàíäàò³â SrLa2–xDyxSc2O7 ïðîâîäèâ-
ñÿ øëÿõîì ñï³ëüíî¿ êðèñòàë³çàö³¿ (âèïàðîâóâàí-
íÿ ïðè ³íòåíñèâíîìó ïåðåì³øóâàíí³) ñóì³ø³
âîäíèõ ðîç÷èí³â í³òðàò³â Sr, La, Dy òà Sc ç³
ñï³ââ³äíîøåííÿì Sr:La:Dy:Sc=1:(2–x):x:2, ç íà-
ñòóïíèì òåðìîîáðîáëåííÿì îäåðæàíîãî ïðîäóê-
òó íà ãàçîâîìó ïàëüíèêó äëÿ âèäàëåííÿ îñíîâ-
íî¿ ìàñè îêñèä³â í³òðîãåíó. Îòðèìàíó òàêèì
ñïîñîáîì øèõòó ïåðåòèðàëè, ïðåñóâàëè ó âèã-
ëÿä³ äèñê³â òà ï³ääàâàëè òåðìîîáðîáëåííþ ïðè
1570 Ê äî äîñÿãíåííÿ íåçì³ííîãî ôàçîâîãî ñêëà-
äó. ßê âèõ³äí³ ó ðîáîò³ âèêîðèñòàíî í³òðàòè Sr,
La, Dy òà Sc ìàðîê «õ.÷.».
Ðåíòãåí³âñüê³ äèôðàêö³éí³ ñïåêòðè ïîë³êðè-
ñòàë³÷íèõ çðàçê³â çàïèñàíî íà äèôðàêòîìåòð³
Shimadzu XRD-6000 â äèñêðåòíîìó ðåæèì³ (êðîê
ñêàíóâàííÿ 0,020, åêñïîçèö³ÿ â òî÷ö³ 7 ñ, ³íòåð-
âàë êóò³â 2=20–750) íà ì³äíîìó ô³ëüòðîâàíîìó
(äóãîâèé ãðàô³òîâèé ìîíîõðîìàòîð ïåðåä ë³÷èëü-
íèêîì) CuK âèïðîì³íþâàíí³. Êðèñòàë³÷íà
ñòðóêòóðà îäåðæàíèõ çðàçê³â âèçíà÷åíà ìåòîäîì
Ð³òâåëüäà. Ïåðâèíí³ îáðîáëåííÿ äèôðàêö³éíèõ
ñïåêòð³â òà ñòðóêòóðí³ ðîçðàõóíêè âèêîíàíî ç
âèêîðèñòàííÿì àïàðàòíî-ïðîãðàìíîãî êîìïëåê-
ñó, ÿê îïèñàíî â [14].
Ðåçóëüòàòè òà ¿õ îáãîâîðåííÿ
Ðåçóëüòàòè ðåíòãåí³âñüêîãî äîñë³äæåííÿ
êðèñòàë³÷íèõ ïðîäóêò³â òåðìîîáðîáêè ñï³ëüíî
çàêðèñòàë³çîâàíèõ í³òðàò³â Sr, La, Dy òà Sc ïî-
êàçàëè ³ñíóâàííÿ øèðîêîãî (0õ1,6) ä³àïàçîíó
ôàç ç äâîøàðîâîþ ØÏÑ. Çðàçêè âàëîâîãî ñêëà-
äó SrLa2–xDyxSc2O7 ç õ1,7 áàãàòîôàçí³ ³ ì³ñòÿòü
ïîðÿä ç ôàçîþ ç ØÏÑ òàêîæ ôàçó ç êóá³÷íîþ
ñòðóêòóðîþ (à1,06 íì) (â³ðîã³äíî íà îñíîâ³
Dy2O3) òà äîì³øêè íå³äåíòèô³êîâàíèõ ôàç.
Äèôðàêòîãðàìè SrLa2–xDyxSc2O7 ç ØÏÑ
ïîä³áí³ äî äèôðàêòîãðàì íåçàì³ùåíîãî
SrLa2Sc2O7 (ïð. ãð. Fmmm [15]). ¯õ ³íäåêñóâàííÿ
ïîêàçàëî íàëåæí³ñòü ØÏÑ SrLa2–xDyxSc2O7 äî
ðîìá³÷íî¿ ñèíãîí³¿. Ñèñòåìàòèêà ïîãàñàíü
â³äáèòò³â íà äèôðàêòîãðàìàõ SrLa2–xDyxSc2O7 ç
ØÏÑ (ïðèñóòí³ â³äáèòòÿ: hkl ç h+k=2n, k+l=2n,
h+l=2n, 0kl ç k+l=2n, h0l ç h+l=2n, hk0 ç h+k=2n,
h00, 0k0, 00l ç h, k, l=2n) â³äïîâ³äàº íàñòóïíèì
ïðîñòîðîâèì ãðóïàì: öåíòðîñèìåòðè÷í³é Fmmm
òà íåöåíòðîñèìåòðè÷íèì Fmm2 ³ F222. Òåñò íà
ãåíåðàö³þ ñèãíàëó äðóãî¿ îïòè÷íî¿ ãàðìîí³êè
ëàçåðíîãî âèïðîì³íþâàííÿ ïîêàçàâ, ùî ³íòåí-
ñèâí³ñòü ñèãíàë³â I2 äëÿ ôàç SrLa2–xDyxSc2O7 ìàº
òîé æå ïîðÿäîê, ùî ³ äëÿ öåíòðîñèìåòðè÷íîãî
SrLa2Sc2O7. Öå äîçâîëÿº îäíîçíà÷íî â³äíåñòè
êðèñòàë³÷íó ñòðóêòóðó ôàç SrLa2–xDyxSc2O7 äî
öåíòðîñèìåòðè÷íî¿ ïðîñòîðîâî¿ ãðóïè ñèìåòð³¿
Fmmm. Ë³í³éíèé õàðàêòåð çàëåæíîñò³ Våë.êîì=f(x)
äëÿ ôàç SrLa2–xDyxSc2O7 ç ØÏÑ äîçâîëÿº ðîç-
ãëÿäàòè ¿õ ÿê îáìåæåíó íèçêó òâåðäèõ ðîç÷èí³â.
Çà îá’ºêòè äîñë³äæåííÿ âïëèâó ³çîâàëåíò-
íîãî çàì³ùåííÿ àòîì³â ëàíòàíó íà îñîáëèâîñò³
áóäîâè ØÏÑ áóëè âèáðàí³ ôàçè ñêëàäó
SrLa2–xDyxSc2O7 ç õ=0,5, 1,0 òà 1,5.
Âðàõîâóþ÷è ïîä³áí³ñòü äèôðàêòîãðàì ôàç
SrLa2–xDyxSc2O7 ç ØÏÑ òà ñêàíäàòó SrLà2Sc2O7,
ïåðâèííå îö³íþâàííÿ êîîðäèíàòíèõ ïàðàìåòð³â
àòîì³â äëÿ âèõ³äíèõ ìîäåëåé ñòðóêòóð ôàç
SrLa2–xDyxSc2O7 (õ=0,5, 1,0 òà 1,5) çä³éñíåíî çà
â³äîìèìè ñòðóêòóðíèìè äàíèìè äëÿ ñêàíäàòó
SrLa2Sc2O7 [15] (ïð. ãð. Fmmm). Ñï³âñòàâëåííÿ
åêñïåðèìåíòàëüíèõ ³ ðîçðàõîâàíèõ äëÿ òàêèõ
ìîäåëåé ñòðóêòóðè ³íòåíñèâíîñòåé ïîêàçàëî ¿õ
çàäîâ³ëüíó çá³æí³ñòü. Ðåçóëüòàòè óòî÷íåííÿ ìî-
äåëåé ñòðóêòóðè ôàç SrLa2–xDyxSc2O7 (õ=0,5, 1,0
òà 1,5) íàäàíî â òàáë. 1, 2 ³ íà ðèñ. 1. Óòî÷íåí³
øëÿõîì ðîçðàõóíêó ñòðóêòóðè ñêëàäè ñêàíäàò³â
SrLa2–xDyxSc2O7 â ìåæàõ ïîõèáêè âèçíà÷åííÿ
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SrLa2Sc2O7 [15] SrLa1,5Dy0,5Sc2O7 SrLaDySc2O7 SrLa0,5Dy1,5Sc2O7 
Атом–атом d, нм Атом–атом d, нм Атом–атом d, нм Атом–атом d, нм 
(Sr,La)1–2О1 0,287(3) (Sr,La)1–2О1 0,288(2) (Sr,La)1–2О1 0,288(2) Sr1–2О1 0,286(2) 
(Sr,La)1–2O1 0,289(3) (Sr,La)1–2O1 0,289(2) (Sr,La)1–2O1 0,288(3) Sr1–2O1 0,287(2) 






















(Sr,La)2–O2 0,222(2)* (Sr,La,Dy)2–O2 0,218(1)* (Sr,La,Dy)2–O2 0,210(2)* (La,Dy)2–O2 0,200(1)*
(Sr,La)2–4O3 0,260(2) (Sr,La,Dy)2–4O3 0,242(2) (Sr,La,Dy)2–4O3 0,240(2) (La,Dy)2–4O3 0,239(1) 
(Sr,La)2–2O2 0,290(1) (Sr,La,Dy)2–2O2 0,291(2) (Sr,La,Dy)2–2O2 0,290(2) (La,Dy)2–2O2 0,289(3) 






















Sc–4O3 0,204(1) Sc–4O3 0,208(2) Sc–4O3 0,207(1) Sc–4O3 0,207(2) 
Sc–O1 0,206(2) Sc–O1 0,215(3) Sc–O1 0,214(2) Sc–O1 0,213(3) 
























Ì³æàòîìí³ â³äñòàí³ (d) òà ñòóïåí³ äåôîðìàö³¿ () ïîë³åäð³â (Sr,La,Dy)O9 ³ ScO6 â êðèñòàë³÷í³é ñòðóêòóð³
SrLa2Sc2O7 ³ SrLa2–xDyxSc2O7
Ïðèì³òêè: ðîçðàõóíîê ñòóïåíÿ äåôîðìàö³¿ îêòàåäð³â MeÎn âèêîíàíî çà ôîðìóëîþ: =1/n[(Ri– R )/ R ]2 (Ri – â³äñòàíü
Ìå–Î, R  – ñåðåäíÿ â³äñòàíü Ìå–Î, n – êîîðäèíàö³éíå ÷èñëî); * – ì³æáëî÷íà â³äñòàíü.
Ðèñ. 1. Êðèñòàë³÷íà ñòðóêòóðà SrLaDySc2O7 ó âèãëÿä³ îêòàåäð³â ScÎ6 òà àòîì³â (Sr, La)1 (òåìí³ êðóæå÷êè) ³ àòîì³â
(Sr,La,Dy)2 (ñâ³òë³ êðóæå÷êè)) (à) òà áóäîâà ì³æáëîêîâî¿ ãðàíèö³ â ØÏÑ SrLa0,5Dy1,5Sc2O7 ó âèãëÿä³ îêòàåäð³â ScÎ6 ³
àòîì³â (La,Dy)2 (ñâ³òëèé êðóæå÷îê) (á)
â³äïîâ³äàþòü åêñïåðèìåíòàëüíî çàäàíèì.
Êðèñòàë³÷íà ñòðóêòóðà SrLa2–xDyxSc2O7
(õ=0,5, 1,0 òà 1,5) º øàðîâîþ ³ óòâîðåíà äâîâè-
ì³ðíèìè (íåñê³í÷åííèìè â íàïðÿìêàõ îñåé Õ ³
Y) ïåðîâñüê³òîïîä³áíèìè áëîêàìè, êîæåí ç ÿêèõ
ñêëàäàºòüñÿ ç äâîõ øàð³â äåôîðìîâàíèõ îêòà-
åäð³â SñO6 (ðèñ. 1,à). Îêòàåäðè SñO6 â áëîêàõ
ç’ºäíàí³ ëèøå âåðøèíàìè, ïðè÷îìó êîæíèé
îêòàåäð ìàº ï’ÿòü ñï³ëüíèõ âåðøèí ç ñóì³æíè-
ìè îêòàåäðàìè îäíîãî ³ òîãî æ áëîêó. Â íàïðÿìêó
ä³àãîíàë³ ïëîùèíè ÕY ñóñ³äí³ áëîêè çì³ùåí³
îäèí â³äíîñíî ³íøîãî íà ïîëîâèíó ðåáðà ïå-
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ðîâñüê³òîâîãî êóáó ³ ÷åðãóþòüñÿ îäèí ç îäíèì.
Ñóñ³äí³ ïåðîâñüê³òîïîä³áí³ áëîêè â ØÏÑ
SrLa2-xDyxSc2O7 ðîçä³ëåí³ øàðîì ïîë³åäð³â À2Î9
(À2=Sr+Ln (õ=0, 0,5 òà 1), àáî À2=Ln (õ=1,5)), ³
óòðèìóþòüñÿ ðàçîì çà äîïîìîãîþ ì³æáëîêîâèõ
çâ’ÿçê³â –O–À2–O–. Â³ñ³ì àòîì³â îêñèãåíó ïîë³-
åäðó À2Î9 (÷îòèðè O2 òà ÷îòèðè Î3) íàëåæàòü
äî òîãî æ áëîêà, ùî ³ àòîìè À2, à äåâ’ÿòèé àòîì
îêñèãåíó (O2) íàëåæèòü äî ñóñ³äíüîãî áëîêà
(ðèñ. 1,á). Ïðè öüîìó äîâæèíà çàçíà÷åíîãî
ì³æáëîêîâîãî çâ’ÿçêó À2–Î2 (0,222–0,200 íì)
íàéìåíøà ñåðåä óñ³õ çâ’ÿçê³â ïîë³åäðà À2Î9. Ñë³ä
çàçíà÷èòè, ùî ³ç äåâ’ÿòè àòîì³â îêñèãåíó ïîë³-
åäðà À2O9 ÷îòèðè àòîìè Î2 ðîçòàøîâàí³ íà çíà-
÷íî á³ëüøèõ â³äñòàíÿõ (0,289(3)–0,292(1) íì
(òàáë. 2)) â³ä àòîìà òèïó À2 í³æ ðåøòà, òîìó (ç
âðàõóâàííÿì íàÿâíîñò³ îäíîãî äóæå êîðîòêîãî
ì³æáëîêîâîãî çâ’ÿçêó À2–O2) êîîðäèíàö³éíå
÷èñëî öåíòðàëüíèõ àòîì³â â ïîë³åäð³ À2Î9 ìîæ-
íà ðîçãëÿäàòè ÿê 1+4+4. Ó âíóòð³øíüîáëîêîâèõ
ïóñòîòàõ ØÏÑ SrLa2–xDyxSc2O7 â ïîçèö³¿ 4b ðîç-
òàøîâàí³ êóáîîêòàåäðè À1Î12 (À1=Sr+La (x=0,
0,5 ³ 1), àáî ëèøå Sr (õ=1,5)) (òàáë. 2).
Ñï³âñòàâëåííÿ çàïîâíþâàíîñò³ àòîìàìè Sr,
La ³ Dy ì³æáëîêîâî¿ (8³) òà âíóòð³øíüîáëîêîâî¿
(4b) ïîçèö³é â ØÏÑ SrLa2–xDyxSc2O7 ïîêàçàëî,
ùî ç³ çá³ëüøåííÿì ñòóïåíÿ çàì³ùåííÿ àòîì³â
ëàíòàíó íà àòîìè äèñïðîç³þ ìàº ì³ñöå ïîñòóïî-
âà çì³íà õàðàêòåðó ðîçïîä³ëó àòîì³â ñòðîíö³þ òà
ð³äê³ñíîçåìåëüíèõ åëåìåíò³â (ÐÇÅ) â ØÏÑ: â³ä
÷àñòêîâî óïîðÿäêîâàíîãî (õ=0) äî ïîâí³ñòþ óïî-
ðÿäêîâàíîãî (õ=1,5) (òàáë. 2). Öå â³äáóâàºòüñÿ
çà ðàõóíîê âõîäæåííÿ ìåíøèõ çà ðîçì³ðîì àòîì³â
äèñïðîç³þ ëèøå â ì³æáëîêîâó ïîçèö³þ 8³ ³ç îä-
íî÷àñíèì çìåíøåííÿì âì³ñòó âåëèêèõ àòîì³â
ñòðîíö³þ íà ìåæ³ áëîê³â (ðèñ. 2). Îäíî÷àñíî, ç³
çìåíøåííÿì âì³ñòó àòîì³â ëàíòàíó ó ôàçàõ
SrLa2–xDyxSc2O7, éîãî ÷àñòêà â âíóòð³øíüîáëî-
êîâ³é ïîçèö³¿¿ 4b çàïîâíþºòüñÿ àòîìàìè ñòðîí-
ö³þ (òàáë. 2, ðèñ. 2). Çá³ëüøåííÿ âì³ñòó ìåíøèõ
àòîì³â äèñïðîç³þ â ì³æáëîêîâ³é ïîçèö³¿ 8³ ØÏÑ
SrLa2–xDyxSc2O7 ïîçèö³¿ îáóìîâëþº çìåíøåííÿ
ðîçì³ð³â ïîë³åäð³â À2Î9 (ðèñ. 3).
Ðèñ. 3. Çàëåæíîñò³ äîâæèíè ñåðåäíüî¿ â³äñòàí³ À2–O â
ïîë³åäðàõ ÀO9 ØÏÑ ôàç SrLa2–xDyxSc2O7 â³ä ñòóïåíÿ
çàì³ùåííÿ àòîì³â ëàíòàíó (çíà÷åííÿ õ)
Ö³êàâî â³äçíà÷èòè, ùî àíàëîã³÷íèé ïåðåõ³ä
ðîçïîä³ëó àòîì³â ñòðîíö³þ ³ ÐÇÅ (â³ä ÷àñòêîâî
óïîðÿäêîâàíîãî äî ïîâí³ñòþ óïîðÿäêîâàíîãî)
ìàº ì³ñöå ³ â ðÿäó íåçàì³ùåíèõ ñêàíäàò³â
SrLn2Sc2O7 (Ln=La–Tb) ïðè Ln=Eu [15]. Ïðè
öüîìó çíà÷åííÿ ñåðåäíüîãî êðèñòàë³÷íîãî ³îí-
íîãî ðàä³óñó àòîì³â À-ïîçèö³¿ ØÏÑ äëÿ
SrEu2Sc2O7 ñï³âïàäàº ç òàêèì äëÿ SrLa0,5Dy1,5Sc2O7
(0,132 íì äëÿ Ê× 9). Òàêèé õàðàêòåð çì³íè
ðîçïîä³ëó àòîì³â ñòðîíö³þ òà ÐÇÅ îáóìîâëåíèé,
î÷åâèäíî, ïðàãíåííÿì â³äíîñíî ìåíøèõ çà ðîç-
ì³ðîì àòîì³â ÐÇÅ çàñåëÿòè ìåíø³ çà ðîçì³ðîì
ïîë³åäðè À2Î9.
Ïîð³âíÿííÿ âåëè÷èí ì³æáëîêîâèõ â³äñòà-
íåé À2–Î2 ³ ñòóïåíÿ äåôîðìàö³¿ () ïîë³åäð³â
À2O9 â êðèñòàë³÷í³é ñòðóêòóð³ SrLa2–xDyxSc2O7 ïî-
êàçàëî ð³çíèé õàðàêòåð ¿õ çàëåæíîñòåé â³ä âì³ñòó
àòîì³â äèñïðîç³þ. Çîêðåìà, çá³ëüøåííÿ ñòóïåíÿ
³çîâàëåíòíîãî çàì³ùåííÿ àòîì³â ëàíòàíó ñóïðî-
âîäæóºòüñÿ ñóòòºâèì (á³ëüøå í³æ â 2 ðàçè)
çá³ëüøåííÿì ñòóïåíÿ äåôîðìàö³¿ ì³æáëîêîâèõ
ïîë³åäð³â À2Î9 ç îäíî÷àñíèì çìåíøåííÿì ïðè
öüîìó äîâæèíè ì³æáëîêîâíî¿ â³äñòàí³ À2–Î2
(ðèñ. 4).
Ïðè öüîìó çíà÷åííÿ  (La,Dy)2Î9 äëÿ ôàçè
SrLa0,5Dy1,5Sc2O7 (14710–4) ç³ ñòóïåíåì çàì³ùåí-
íÿ àòîì³â ëàíòàíó, áëèçüêèì äî ìàêñèìàëüíî
ìîæëèâîãî (õ=1,6), ïðàêòè÷íî ñï³âïàäàº ç òà-
êèì äëÿ êðàéíüîãî ÷ëåíó ðÿäó íåçàì³ùåíèõ äâî-
øàðîâèõ ñêàíäàò³â SrTb2Sc2O7 (14910–4 [15]). Êð³ì
òîãî, ñë³ä â³äçíà÷èòè, ùî ç³ çá³ëüøåííÿì ñòóïå-
íÿ ³çîâàëåíòíîãî çàì³ùåííÿ àòîì³â ëàíòàíó äîâ-
æèíà ì³æáëîêîâî¿ â³äñòàí³ À2–Î2 â ïîë³åäð³
Ðèñ. 2. Çàëåæíîñò³ çàïîâíåííÿ â ØÏÑ SrLa2–xDyxSc2O7
ì³æáëîêîâî¿ ïîçèö³¿ 8³ àòîìàìè ÐÇÅ (La+Dy) (1) ³ àòîìàìè
Sr (4) òà âíóòð³øíüîáëîêîâî¿ ïîçèö³¿ 4b àòîìàìè Sr(2) ³
àòîìàìè La(3) â³ä ñòóïåíÿ çàì³ùåííÿ àòîì³â Ëàíòàíó
(çíà÷åííÿ õ)
233
Synthesis and crystal structure of isovalently substituted slab SrLa2-xDyxSc2O7 scandates
ISSN 0321-4095, Voprosy khimii i khimicheskoi tekhnologii, 2019, No. 6, pp. 228-235
À2Î9 ØÏÑ SrLa2–xDyxSc2O7 íàáëèæàºòüñÿ äî
ì³í³ìàëüíî â³äîìèõ â³äñòàíåé Dy–O (~0,2 íì).
Ïîñë³äîâíå çìåíøåííÿ ì³æáëîêîâî¿ â³äñòàí³ A2–
O2 â ðÿäó ñêàíäàò³â SrLa2–xDyxSc2O7 º, î÷åâèä-
íî, òàêîæ ³ ïðè÷èíîþ ïîñòóïîâîãî âèò³ñíåííÿ
âåëèêèõ ³îí³â ñòðîíö³þ ³ç ì³æáëîêîâîãî ïðîñòîðó
(ïîçèö³ÿ 8³) ó âíóòð³øíüîáëîêîâ³ êóáîîêòàåä-
ðè÷í³ ïóñòîòè ïåðîâñüê³òîïîä³áíîãî áëîêà (ïî-
çèö³ÿ 4b) (òàáë. 2), ðåçóëüòàòîì ÷îãî º çì³íà ÷à-
ñòêîâî óïîðÿäêîâàíîãî ðîçì³ùåííÿ àòîì³â
ñòðîíö³þ ³ ÐÇÅ ó ØÏÑ SrLa2Sc2O7 íà ïîâí³ñòþ
óïîðÿäêîâàíå ó ØÏÑ SrLa0,5Dy1,5Sc2O7.
Ç³ çá³ëüøåííÿì âì³ñòó âåëèêèõ àòîì³â
ñòðîíö³þ ó âíóòð³øíüîáëîêîâèõ êóáîîêòàåäðàõ
À1O12 ¿õ ðîçì³ðè òà ñòóïåíü äåôîðìàö³¿ çðîñòà-
þòü, ïðè÷îìó îñíîâíèé âêëàä â çðîñòàííÿ ñå-
ðåäíüî¿ â³äñòàí³ À1–Î âíîñèòü ñóòòºâå (íà
0,026 íì) çá³ëüøåííÿ â³äñòàíåé À1–8Î3. Öå äàº
ï³äñòàâè ³íòåðïðåòóâàòè êîîðäèíàö³éíå ÷èñëî
àòîì³â òèïó À1 â ïîë³åäðàõ À1Î12 ØÏÑ
SrLa2–xDyxSc2O7 (õ=0,5, 1 òà 1,5) ÿê 4+8.
Àíàë³ç îäåðæàíèõ åêñïåðèìåíòàëüíèõ äà-
íèõ ïðî çì³íè â áóäîâ³ ØÏÑ â ðÿäó ñêàíäàò³â
SrLa2–xDyxSc2O7 äàº ï³äñòàâè äëÿ âèñíîâêó, ùî
îäí³ºþ ç îñíîâíèõ ïðè÷èí ðóéíóâàííÿ ØÏÑ
ïðè õ>1,6 º äåñòàá³ë³çàö³ÿ ì³æáëîêîâî¿ «çøèâ-
êè» ç øàðó ïîë³åäð³â À2O9 âíàñë³äîê çðîñòàííÿ
¿õ äåôîðìîâàíîñò³ òà çìåíøåííÿ ì³æáëîêîâî¿
â³äñòàí³ À2–O2, ÿêå íàáëèæàº äâîâèì³ðíó áóäî-
âó ØÏÑ äî òåðìîäèíàì³÷íî çíà÷íî ñòàá³ëüí³-
øî¿ òðèâèì³ðíî¿ ñòðóêòóðè.
Ñï³âñòàâëåííÿ îñîáëèâîñòåé áóäîâè ØÏÑ
äâîøàðîâèõ ñêàíäàò³â SrLa2–xDyxSc2O7 òà îäíî-
øàðîâèõ ³íäàò³â SrLa1–xLnxInO4 (Ln=Nd, Sm)
[10,11] ïîêàçàëî, ùî ïðè ³çîâàëåíòíîìó çàì³-
ùåíí³ àòîì³â ÐÇÅ õàðàêòåð çì³í äîâæèí ì³æáëî-
êîâèõ â³äñòàíåé òà ñòóïåí³â äåôîðìàö³¿ ì³æáëî-
êîâèõ ïîë³åäð³â ÀÎ9 º ïðîòèëåæíèìè. Éìîâ³ð-
íîþ ïðè÷èíîþ öüîãî º íàÿâí³ñòü â äâîøàðîâ³é
ØÏÑ ñïîëóê òèïó An+1BnO3n+1 äâîõ òèï³â ïîë³-
åäð³â àòîì³â òèïó À: âíóòð³øíüîáëîêîâèõ À1Î12
òà çîâí³øíüîáëîêîâèõ À2Î9, â òîé ÷àñ ÿê â îä-
íîøàðîâ³é ØÏÑ º ëèøå îäèí òèï ïîë³åäð³â
àòîì³â òèïó À–çîâí³øíüîáëîêîâèé ÀÎ9. Öå
â³äêðèâàº ìîæëèâ³ñòü âïîðÿäêîâàíîãî ïåðåðîç-
ïîä³ëó àòîì³â Sr, La ³ Dy ì³æ ïîë³åäðàìè À1Î12
òà À2Î9 â äâîøàðîâ³é ØÏÑ SrLa2–xDyxSc2O7 ³
ïðèâîäèòü äî çìåíøåííÿ ì³æáëîêîâî¿ â³äñòàí³
A2–O2 òà çá³ëüøåííÿ DÀ2Î9 ïðè çá³ëüøåíí³
ñòóïåíÿ ³çîâàëåíòíîãî çàì³ùåííÿ àòîì³â ëàíòàíó.
Âèñíîâêè
Â äàí³é ðîáîò³ âñòàíîâëåí³ óìîâè ³çîâàëåí-
òíîãî çàì³ùåííÿ àòîì³â ëàíòàíó íà àòîìè äèñ-
ïðîç³þ â äâîøàðîâ³é ñòðóêòóð³ ñêàíäàòó
SrLa2Sc2O7 ïî òèïó SrLa2–xDyxSc2O7 òà ìåòîäîì
Ð³òâåëüäà âèçíà÷åíà áóäîâà ØÏÑ ôàç
SrLa1,5Dy0,5Sc2O7, SrLaDySc2O7 ³ SrLa0,5Dy1,5Sc2O7.
Àíàë³ç îäåðæàíèõ äàíèõ äîçâîëèâ âèÿâèòè âçà-
ºìîçâ’ÿçêè ì³æ îñîáëèâîñòÿìè áóäîâè ØÏÑ ôàç
SrLa2–xDyxSc2O7 (õàðàêòåðîì ðîçïîä³ëó àòîì³â Sr,
La ³ Dy ïî ïîë³åäðàì À1Î12 òà À2Î9, äîâæèíîþ
ì³æáëîêîâèõ çâ’ÿçê³â A2–O2, ñòóïåíåì äåôîð-
ìàö³¿ ì³æáëîêîâèõ ïîë³åäð³â À2Î9) òà ñòóïåíåì
³çîâàëåíòíîãî çàì³ùåííÿ àòîì³â ëàíòàíó. Îäåð-
æàí³ ðåçóëüòàòè ìîæóòü áóòè âèêîðèñòàí³ äëÿ
ðåãóëþâàííÿ ñòðóêòóðíî çàëåæíèõ (ëþì³íåñöåí-
òíèõ, åëåêòðîô³çè÷íèõ òà ³íøèõ) âëàñòèâîñòåé
ìàòåð³àë³â íà îñíîâ³ ñêàíäàòó SrLa2Sc2O7.
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The conditions of isovalent substitution of lanthanum atoms
for dysprosium atoms in A-positions of the SrLa2Sc2O7 two-slab
perovskite-like structure of the SrLa2Sc2–xInxO7 type have been
determined as follows: 0x1.60. Samples with x1.7 are multiphase
and contain a number of additional phases, the main one being the
phase with a cubic structure (à1.06 nm). Orthorhombic crystal
structure (Fmmm space group) of the SrLa2–xDyxSc2O7 phases with
the substitution degree of lanthanum atoms of 0.5, 1.0 and 1.5 was
determined by the Rietveld method. The SrLa2–xDyxSc2O7 crystalline
structure is based on two-dimensional (infinite in the XY plane)
perovskite-like blocks, consisting of two slabs connected by vertices
deformed ScO6 octahedra. Neighboring blocks are separated by a
slab of A2O9 polyhedra (A2=Sr+Ln (x=0; 0.5 and 1.0) or Ln (x=1.5)
in such a way that there are no direct Sc–O–Sc bonds between the
octahedra of neighboring blocks. The blocks are connected through
the O–A2–O bonds. Eight oxygen atoms of the A2O9 polyhedron
belong to the same block as the A2 atoms, and the ninth oxygen
atom belongs to the neighboring block. A1 atoms (A1=Sr+La (x=0,
0.5 and 1) or only Sr (x=1.5)) are located at 4b position in the
intrablock voids of the SrLa2–xDyxSc2O7 slab perovskite-like structure
and their coordination polyhedron is a deformed A1O12 cuboctahedron.
It is established that isovalent substitution of lanthanum atoms by
smaller dysprosium atoms leads to a gradual change in the distribution
of strontium and lanthanides atoms in the interblock (8i) and
intrablock (4b) positions of the SrLa2–xDyxSc2O7 structure: from
partially ordered (x=0) to fully ordered (x=1.5). In this case,
dysprosium atoms replace strontium atoms at the block boundary,
and the decrease in the content of lanthanum atoms in the 4b
intrablock position is compensated by the strontium atoms invasion.
Analysis of the structural features of the SrLa2–xDyxSc2O7 phases
showed that an increase in the degree of isovalent substitution of
lanthanum atoms leads to a significant (more than twofold) increase
in the deformation degree of the A2O9 interblock polyhedra and a
decrease in the A2–O interblock length. Such structural changes,
which result in a destabilization of the interblock «stitching», become
one of the main destruction factors of the layered perovskite-like
structure of the SrLa2–xDyxSc2O7 phases at x>1.6 and cause the
absence of the SrDy2Sc2O7 scandate. The obtained data on the
composition/structural features relations of the slab perovskite-like
structure could be used for the purposeful regulation of the structure-
sensitive properties of the SrLa2–xDyxSc2O7 type phases.
Keywords: compounds of AnBn–1O3n-type; slab perovskite-
like structure; X-ray powder diffraction; isomorphism; solid
solutions.
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